Cyclin-dependent kinases and mitogen-activated protein kinases have been implicated in the regulation of cellular survival and apoptosis. We tested the effect of two mitogen-activated/cyclindependent kinase inhibitors, olomoucine and butyrolactone I, on the in vitro survival of chick embryonic neurons. Sensory, sympathetic, and ciliary neurons, when prepared at their respective time point of programmed cell death, could be rescued from apoptosis by both inhibitors in a dosedependent fashion. In contrast, dividing sympathetic precursors underwent apoptosis when treated with olomoucine, but not butyrolactone I, at the same range of concentration. With similar potency, olomoucine and butyrolactone I inhibited immunocomplex c-Jun kinase activity. Both substances inhibited neurite outgrowth in a dose-dependent manner; developmentally younger neurons were more sensitive to this effect than older ones. These results suggest that certain mitogen-activated/cyclindependent kinases associated with cell division in neuronal precursors (i) may become essential components of the apoptotic machinery by the time neurons reach their phase of naturally occurring cell death and (ii) may be necessary for neurite outgrowth during development. 1997 Academic Press
INTRODUCTION
The development of the nervous system requires control of neuroblast cell proliferation as well as programmed cell death (PCD) of postmitotic neurons so that the numbers of innervating neurons correspond to the innervation density required by their targets. The developmental time when target-dependent neuronal PCD occurs is well defined for many populations of peripheral neurons and motoneurons. It has been estimated that as many as 50% of the sympathetic and sensory ganglionic neurons undergo PCD (for review, see Raff et al., 1993) . The mechanism by which PCD occurs has been shown to be apoptotic as defined by several criteria, such as inhibition of cell death by RNA and protein synthesis inhibitors and DNA cleavage into oligonucleosomal fragments (Martin et al., 1988; Edwards et al., 1991) . Apoptosis can be prevented by target-derived neurotrophic factors that are present in limiting amounts in the target tissue (Purves & Lichtman, 1978) when axons reach their innervation fields. Although many steps in the signal transduction cascade used by the neurotrophins and their receptors have been elucidated in recent years, little is known about the mechanism by which they prevent the cell from entering the apoptotic program.
Morphologically, there are several similarities between entry into mitosis and entry into apoptosis, such as detachment of the extracellular matrix, rounding of the cell body, chromatin condensation, and dissolution of the nuclear membrane. Proteins regulating the cell cycle might be involved in neuronal apoptosis, such as cyclin D1 (Freeman et al., 1994; Kranenburg et al., 1996) 
